The male proband reported here was born with appropriate anthropometric parameters at term as the second child of healthy nonconsanguineous parents. His only clinical symptom was bilateral congenital cataracts with strabismus at birth, and both lenses were removed surgically at the age of 8 months. The perinatal and infantile period thereafter was clinically uneventful and his psychomotor development appeared almost normal. At the age of 6 years he was hospitalized for slight muscle weakness, minor ptosis, nystagmus and decreased physical activity. Soon after, his general condition worsened, gait ataxia presented, dysphagia and difficulty of speech followed by rapidly progressive generalized ataxia, and myopathy developed. Typical progressive gray matter degeneration with focal necrosis in the basal ganglia characteristic of the Leigh type of neuropathology could be detected by cranial MRI, the muscle histology showed ragged-red fibers. At the age of 7.5 years, unexpected left side hemiparesis with speech disability resembling that seen in MELAS syndrome developed, from which he recovered within 1.5 days. The mtDNA of the patient showed single 6.7 kb large-scale deletion harboring between 7817 and 14 536 bp. This case represents the first report of a verified mtDNA mutation associated with congenital cataracts as the first clinical sign of a later developing progressive neuromuscular disease presented with a combination of Leigh neuropathology, ragged-red fiber histopathology and stroke-like attack.
Introduction
Congenital cataract can occur as an isolated abnormality or as an associated feature of several different disorders. 1 -4 The prevention of visual impairment because of congenital cataract appears as an international priority. Several trials have been initiated to determine the incidence of cataract in a population, especially in the industrialized countries, and efforts are in progress to determine the proportion of hereditary cataracts, delineate the mode of inheritance, and the clinical presentation. 5 -9 Albeit during the 14 years of mitochondrial medicine since 1988 more than 100 point mutations and several rearrangements of human mtDNA associated with a wide range of clinical phenotypes have been described, 10 -13 further gain of the spectrum of the phenotypes could be predicted. 11 While new mutations are still being described on the clinical side of the mtDNA investigations, in the basic research Sligh et al 14 have recently produced heteroplasmic mice with sufficiently high levels of the mtDNAs from a partially respiratory-deficient chloramphenicolresistant (CAP R ) cell line, and the chimeric mice developed a variety of ocular abnormalities, including congenital cataracts.
Here we report a patient who was born with bilateral congenital cataracts, and after an uneventful period the characteristic progressive hallmarks of mitochondrial disease developed at the age of 6 years. These included neuropathologic features of Leigh disease, ataxia, strokelike hemiparesis, ophthalmoplegia and ptosis. Analysis of the mtDNA of the patient revealed a novel type of single 6.7 kb large-scale deletion harboring between 7817 and 14 536 bp location.
Materials and methods
Clinical report and routine laboratory findings The male patient was the second child born (March 1991) at term with age-appropriate anthropometric parameters to healthy nonconsanguineous parents. Bilateral cataracts were discovered immediately after birth, for which both lenses were removed at the age of 8 months. Possible infectious (rubella, CMV, toxoplasma) and common metabolic origin (galactosemia, hypoparathyroidism) of cataracts were excluded. Apart from that the perinatal and infantile period was uneventful and his psychomotor development was normal. His first symptoms, including slight muscle weakness and gait ataxia, were presented at the age of 6 years. He had complained about dysphagia and difficulty of speech followed by rapidly progressive generalized ataxia and myopathy thereafter. At the age of 7.5 years he had an episode of a transient hemiparesis from which he recovered almost completely within 1.5 days. At the age of 8 years, the patient had anthropometric parameters below the third centile, microcephaly, ptosis, progressive external ophthalmoplegia, head lag with generalized muscle weakness, decreased muscle mass, no detectable deep tendon reflexes and moderate response to painful stimuli. He was just able to move his arms, but had severe ataxia. He was no more able to sit up, swallow or talk, although he still tried to communicate by moving his eyelids as a response to verbal stimuli. Currently, he is 11 years old, rolling over for toys and fed by a nasogastric tube.
Cranial MRI detected the typical signs of Leigh disease in the basal ganglia with some cortical and significant pontocerebellar atrophy at the age of 7 years, and a slight progression was detected in the temporo-cortical degeneration at the age of 8 years. Eye examination, including the examination of the fundus, ophthalmoscopy, VEP and BERA were repeatedly normal. The patient never had clinical symptoms of cardiac involvement, and the ECG and cardiac ultrasound examinations were normal during the follow-up.
Fasting and fed serum lactate were found to be normal on repeated examinations during the 5 years of follow-up. The levels of serum ammonia, pyruvic acid, glucose, amino acids, carnitine levels and urine organic acids were normal. The patient never had anemia (red cell count and morphology, thrombocyte count, hemoglobin, hematocrit and parameters of iron homeostasis were repeatedly normal), and there was no evidence of pancreatic insufficiency. Laboratory studies detected a significantly increased protein level in the cerebrospinal fluid without specific alterations.
Analysis of a muscle biopsy specimen (superficial part of m. quadriceps) performed at the age of 7 years showed the histological hallmarks of ragged-red fibers, staining for cytochrome c oxidase gave a weak signal, and the succinate dehydrogenase staining reaction was normal.
As part of our routine, some known causes of Leigh phenotype (T8993C, T9176C, T9176G and C9537CC point mutations) were excluded in the patient.
Methods
Cytochrome c oxidase, NADH:cytochrome c oxidoreductase, lipoamide dehydrogenase and malate dehydrogenase activities were determined as described previously. 15, 16 For control pooled specimens (five for each enzyme) from patients of similar age who previously underwent diagnostic muscle biopsy but were declared finally free from primary muscle disease were used. The search for an mtDNA deletion was begun with Southern blot analysis. 16, 17 Approximately 10 mg DNA aliquots were digested with several restriction enzymes, and after separation on 0.7% agarose gel the digests were transferred to a nitrocellulose membrane. Full-length mtDNA extracted from human placental mitochondria was [ 32 P]-labeled with an Amersham Megaprime DNA labeling system and was used as the probe. 16, 17 The percentage of the deletion was quantified by densitometry analysis of the blots using an Advanced American Biotechnology (Fullerton, CA, USA) gel documentation and analysis system. The exact sites of deletion breakpoints were located by serial conventional or long PCR amplifications. 16 Finally, with the appropriate forward (5 0 -CTTATCTGCTTCC TAGTCCTGTATG-3 0 ) and reverse (5 0 -CTGTTGAGTGTGGG TTTAGTAATGG-3 0 ) primers, successful amplification could be performed. The reaction was carried out using 1 ml of DNA solution in a final volume of 50 ml, which included 200 mM of each dNTP, 1 mM MgCl 2 , 2 U Taq DNA polymerase and PCR buffer (100 mM Tris-HCl, pH 9.0 containing 500 mM KCl, 15 mM MgCl 2 ), and 0.2 mM of each primer. A total of 30 cycles were run with an MJ Research PTC-200 thermal cycler; the cycling conditions were as follows: predenaturation 2 min at 951C, denaturation 15 s at 951C, annealing 10 s at 611C and primer extension 30 s at 721C, final extension 5 min at 721C. The PCR product was sequenced by the fluorescent sequencing method with an automated ABI PRISM 310 Genetic Analyzer (PerkinElmer, USA).
Results
The activity of cytochrome c oxidase was dramatically decreased in the patient's muscle specimen (0. 3570.06 vs 2.9770.32 mmol/min/g wet weight) as compared with controls (n ¼ 6 for controls; results are expressed as means 7SEM of two separate determinations, and are mmol/min/g wet weight throughout). A profound decrease was also found in the activity of NADH:cytochrome c oxidoreductase (0.4870.04 vs 2.4170.31). The activity of lipoamide dehydrogenase decreased to approximately 55% of the control value (15.672.10 vs 28.473.11), while the activity of malate dehydrogenase was similar in the samples of the patient and the controls (156.0714.0 vs 167.1715.2 mmol/ min/g wet weight).
Several restriction enzymes (including EcoRI, EcoRV, PvuII and XbaI) were tried for identification and probable localization of mtDNA deletion, and representative Southern blots are shown in Figure 1 . Digestion with XbaI and PvuII enzymes gave the most informative patterns; for PvuII approximately 10 kb while for XbaI an extra 3 kb digestion fragment was detected, besides the normal digestion products. In DNA extracted from peripheral blood (Figure 1) , the extra band corresponded approximately to 52% while in skeletal muscle (not shown) to 64% of the total mtDNA. In the peripheral blood DNA of both the parents and of the healthy older brother, the Southern blot assays gave normal patterns.
Direct sequencing of the PCR product harboring the mtDNA deletion revealed a 6718 bp size deletion between the 7817 and 14 536 end point nucleotide pairs (Figure 2 ).
Discussion
In our patient, the mutation affected nine protein coding regions (cytochrome c oxidase II and III subunits, ATP synthase 6 and 8, NADH dehydrogenase 3, 4, 4L, 5 and 6 subunits) and six tRNA genes (tRNA lysine, glycine, arginine, histidine, serine 2 and leucine 2) of the mtDNA. At least because of the localization, the probably different mitotic segregation of the mutated variants and in association with the tissue-specific degree of heteroplasmy, the phenotype and the clinical course in our patient differed from any known disease, even if the presenting symptoms alone or in combination have already been known in association with mitochondrial disease.
The unique feature of our case is the presence of the bilateral cataracts at birth. While the other symptoms of the complex neuromuscular disease developed later, no sign of an oxidative phosphorylation disease could be seen prior to the school age. Maturity onset cataract has already been presented in the literature in association with mitochondrial disease: retinitis pigmentosa, noncongenital cataracts and glaucoma have been reported in a patient with a disrupted anticodon loop of the tRNALeu(UUR), 18 or in a patient with a multiple mtDNA deletions. 19 In turn, congenital cataracts as elements of possible mitochondrial diseases have also been presented as clinical descriptions; 20, 21 however, the underlying mtDNA abnormalities have not been determined. This emphasizes the importance of delineating the precise nature of mutation responsible for patient diagnosis as well as for genetic counseling of maternal lineage relatives. As a pioneering attempt in mtDNA research, recently Sligh et al 14 have been able to transmit mtDNA mutations to succeeding generations and, even more notably, have produced heteroplasmic mice with sufficiently high levels of the CAP R mutation to express phenotypic abnormalities.
The CAP R chimeras developed an ocular phenotype including congenital cataracts and functional retinopathy. The authors concluded that these are reminiscent of the defects seen in humans with mtDNA disease. 14 It is currently unknown as to why the CAP R mutation or the mutation in our case induces cataract formation. The lens is a highly complex structure consisting of numerous types of crystalline proteins that form the lens sequentially during development. 3 As has been suggested, it is possible that an energetic defect alters the development of the lens fibers during the fetal stage of lens development. The CAP R mutation could also result in increased mitochondrial production of reactive oxygen species during the intrau- Figure 1 Representative Southern blots of blood mtDNA of patient (lanes 2 and 4) and controls (lanes 1 and 3) . The DNA was digested with PvuII (lanes 1 and 2) and with XbaI (lanes 3 and 4) . The extra bands are shown by bold arrows; approximately 3 kb for XbaI (lower arrow) and 10 kb (upper arrow) for PvuII. For control blood DNA from a healthy subject was used.
Congenital cataract and mtDNA deletion J Bene et al terine development of the early eye altering the lens crystalline proteins, as has been suggested for the formation of cataracts in the elderly. 3 Several different types of gene-determined metabolic defects can lead to Leigh disease phenotype or Leigh type of neuropathology. 22 -24 The main pathological finding in the Leigh disease is the gray matter degeneration with foci of necrosis and capillary proliferation in the brain stem, which is generally accepted as a hallmark of the syndrome. 23 With the accumulation of clinical and genetic data, several phenotypic variants and genetic subtypes of the disease have been identified. 22 Since our case fulfils the radiopathological diagnostic criteria of the syndrome, this disease can also be regarded as a novel variant or subtype of the Leigh disease. In turn, mtDNA deletion with Leigh-type neuropathology accompained by other mitochondrial features has already been presented in the literature. 24 However, mtDNA deletions are more frequently associated with Pearson syndrome, progressive external ophthalmoplegia, and Kearns -Sayre syndrome 10,11,25 -31 than with Leigh-like manifestations. In contrast, in our case there was no evidence for the bone marrow -pancreas and cardiac involvement, which clearly differentiates our case from cases already presented.
